Nine secondary metabolites, including a new cycloartane glucoside, rhizostyloside (1), were isolated from a methanol extract of Rhizophora stylosa leaves through several chromatographic experiments. The structures of the compounds were determined on the basis of NMR spectroscopic ( 1 H and 13 C NMR, HSQC, HMBC, 1 H-1 H COSY, NOESY) and HR-ESI-MS data and by comparison with literature values. Compound 1 exhibited significant cytotoxicity against three human cancer cell lines: KB (epidermoid carcinoma), LU-1 (lung adenocarcinoma), and SK-Mel-2 (melanoma). In addition, 1 strongly activated caspase-3/7 in LU-1 cells.
Rhizophora is a small genus (with about nine species) of tropical mangrove plants belonging to the Rhizophoraceae family. To date, only three species of this genus have been recorded in Vietnam: R. apiculata Blume, R. mucronata Lamarck ex Poiret, and R. stylosa Griffith. Of these, R. stylosa is distributed in mangrove forests from the provinces of Quang Ninh, Thai Binh, Nam Dinh to the provinces of Khanh Hoa, Ninh Thuan, and Ba Ria -Vung Tau [1] . The main constituents of this species are flavanol and pentacyclic triterpene derivatives [2] . Our investigations of bioactive compounds in mangrove plants from Xuan Thuy National Botanical Park in Nam Dinh, Vietnam, showed that a methanol (MeOH) extract of R. stylosa exhibited cytotoxic effects against KB and LU-1 human cancer cells, with IC 50 values of 86.7 and 51.0 µg/mL, respectively. Here, we report the isolation and structure elucidation of a new cycloartane glucoside, rhizostyloside (1), along with eight known compounds from a MeOH extract of R. stylosa leaves. The cytotoxicity of and activation of caspase-3/7 by 1 are also reported.
Nine secondary metabolites were isolated from a methanolic extract of R. stylosa leaves through several chromatographic experiments. All known compounds, (7S,8R)-3,3,5-trimethoxy-4,7-epoxy-8,5neolignan-4,9,9-triol [3] , (7S,8R)-3,3-dimethoxy-4,7-epoxy-8,5neolignan-4,9,9-triol [4] , (+)-isolariciresinol [5] , polystachyol [6] , (+)-pinoresinol [7] , blumenol A [8] , (6S,7E,9R)-6,9-dihydroxy-4,7megastigmadien-3-one 9-O-[α-L-arabinopyranosyl-(l6)-β-Dglucopyranoside] [9] , and kaempferol 3-rutinoside [10] , were identified by comparison of their spectroscopic data with values from the literature.
Rhizostyloside (1) was isolated as a colorless amorphous powder. High resolution electrospray ionization mass spectrometry (HR-ESI-MS) showed a quasi-molecular ion peak at m/z 641.4031 [M+Na] + , corresponding to a molecular formula of C 36 H 58 O 8 . The NMR spectral features indicated a triterpene glycoside. An anomeric proton signal at δ H 4.24 (d, J = 7.5 Hz) suggested a βglycosidic linkage. The 1 H-1 H COSY spectrum allowed assignment of the sugar proton correlations, as shown in Figure 1 . These results, together with the spin-coupling pattern of the sugar proton signals (J 1′-2′ = 7.5 Hz, J 2′-3′ = 9.0 Hz, and J 3′-4′ = 9.0 Hz) and 13 C NMR data (see Extraction and isolation), indicated a β-D-glucopyranosyl moiety [11] . The aglycone portion contained an isolated methylene in the cyclopropane ring shown by the signals at δ H 0. The β-orientation of the hydroxy group at C-3 was suggested by the coupling pattern and the constant of H-2 ( H 2.64, 2H, d, J = 7.0 Hz) and H-3 ( H 3.66, 1H, t, J = 7.0 Hz) [12, 13] , which was further confirmed by NOESY correlations (Figure 1) Proton H-20 ( H 1.72) showed a NOESY correlation with H-18 ( H 0.99), but no correlation with H-17 ( H 2.00), suggesting the relative R* configuration at C-20, which is identical for almost all naturally occurring cycloartane triterpenoids [14] . This suggestion was further supported by the coupling constants of the H-21 proton signals (J 20-21a = 3.5 Hz and J 20-21b = 7.0 Hz), which were essentially identical to those of cycloartan-24-en-3β,21,26-triol triacetate with the same 20R configuration (J 20-21a = 3.2 Hz and J 20-21b = 6.8 Hz) [15] . Thus, the new structure 3β,21-dihydroxycycloart-24-en-1-one 21-O-β-D-glucopyranoside of 1 was elucidated and named rhizostyloside. This is the first isolation of a 21-O-glycosylated derivative of a cycloartane triterpene to date. Figure  2 ). Caspase-3 and caspase-7 are considered to be executioners of apoptosis because processing of their substrates leads to morphological changes associated with apoptosis, including DNA degradation, chromatin condensation, and membrane blebbing [16] . Thus, our primary results indicated that analyses of the cytotoxic effects of rhizostyloside (1) would be appropriate.
Experimental
General: Optical rotations were determined on a JASCO P-2000 polarimeter (Hachioji, Tokyo, Japan). The high-resolution electrospray ionization mass spectra (HR-ESI-MS) were obtained from an Agilent 6530 Accurate-Mass Q-TOF LC/MS system. The 1 H NMR (500 MHz) and 13 Cytotoxic assays: Cytotoxic evaluations were performed by following the previously described protocols [17] .
Caspase-3/7 assays:
The effect of compound 1 on caspase-3/7 activation in LU-1 human cancer cells was evaluated using Apo-ONE ® Homogeneous Caspase-3/7 Kit (Promega, USA), as described by the manufacturer. Briefly, 50 µL of LU-1 cells were mixed in a 96-well plate with cell concentration of 2×10 5 cells/mL. Then, 50 µL of compound solutions of various concentrations were added to the wells. Tamoxifen (53.91 µM) was used as a positive control and dissolved solvent for blank. The mixture was incubated in a humidified atmosphere of 5% CO 2 at 37°C for 5 h. Then 100 µL of Apo-ONE® Caspase-3/7 Reagent was added to each well, and the plate was kept at room temperature for 118h. The fluorescence (RFU) was measured on a Tecan GENios Pro microplate reader at an excitation wavelength range of 485 ± 20 nm and an emission wavelength range of 530 ± 25nm. The activation of caspase-3/7 was calculated by the following formula: Caspase activity = RFU value of tested sample  RFU value of the blank.
